It was characterized by UV/Vis spectra and atomic force microscopy (AFM). The electrochromic and electrocatalytic properties were explored using chronoamperometry (CA), UV/Vis spectroscopy and cyclovoltammetry (CV). The attractable feature is a color change of the film by the reduction of the polyoxometalate at different potentials. The film also exhibits good electrocatalytic activity toward the reduction of IO 3 − .
Introduction
Polyoxometalates (POMs) have gained particular attention for their applications in many fields of science such as medicine, biology, catalysis, and materials due to their remarkable structural and electronic versatility. They show diverse properties such as catalytic activity for chemical transformations, molecule-based conductivity, magnetism, as well as photochromism, electrochromism, and luminescence [1 -13] . One of the most important electronic properties of these structurally well defined polyoxometalate clusters is that they act as electron reservoirs since the reduction products are mixed-valence species with a characteristically deep-blue color ("heteropoly blues") [14, 15] . As possible components of electrochromic devices, polyoxometalates (POMs) are promising candidates, also due to their ability to act as an electron reservoir, thereby giving rise to colored mixed-valent species while retaining their structural integrity [1, 16, 17] [20] . The water used in all experiments was deionized to a resistivity of 16 -18 MΩ cm −1 . All other reagents were of reagent grade.
Instrumentation
UV/Vis spectra of quartz-supported films were recorded on a U-3010 UV/Vis spectrophotometer made in Japan. All electrochemical experiments were carried out at a CHI 660B instrument at room temperature. A conventional threeelectrode system was used, with a bare ITO electrode or a {PSS/PEI/[Mn 4 P 4 W 30 /Ru(phen) 3 ] n } multilayer film coated on an ITO electrode as a working electrode, platinum foil as a counter electrode, and Ag/AgCl as a reference electrode.
Preparation of the layer-by-layer film
Quartz substrates and ITO-coated glass were used for the preparation of the film by self-assembly. The substrates were cleaned according to the literature [21] , which made their surface hydrophilic, rinsed with deionized water, and dried under a nitrogen stream. A precursor film was deposited on the hydrophilized substrate slide by immersing it into (3-aminopropyl)-trimethoxysilane, PSS and PEI solution for 20 min, respectively, followed by rinsing with deionized water and drying in a gentle nitrogen stream after each immersion. The precursor films were then alternately dipped into 2 × 10 −3 M Mn 4 P 4 W 30 and 2 × 10 −3 M Ru(phen) 3 for 20 min. Deionized water-rinsing and nitrogen-drying steps were performed after each dipping. The multilayer film {PSS/PEI/[Mn 4 P 4 W 30 /Ru(phen) 3 ] n } was formed on the polymer matrix.
Results and Discussion

UV/Vis spectra
UV/Vis spectroscopy has proved to be a useful and facile technique to evaluate the growth process of multilayer films [22 -25] and was used in the present work to monitor the assembling process of the {PSS/PEI/[Mn 4 P 4 W 30 /Ru(phen) 3 ] n } films. Fig. 1 shows the UV/Vis spectra of the 
Atomic force microscopy
The three-dimensional AFM image of the {PSS/PEI/[Mn 4 P 4 W 30 /Ru(phen) 3 ] 3 } film was taken to obtain detailed information about the surface morphology and the homogeneity of this deposited film. As seen in Fig. 2 , a mass of uniform particles with a mean grain size of ca. 37 nm was observed on the surface of the film. The film presents a granular texture surface, with a root-mean-square roughness of 3.1 nm calculated over an area of 2.0 × 2.0 µm 2 .
Electrochromic properties
The UV/Vis spectra of the {PSS/PEI/ [Mn 4 P 4 W 30 /Ru(phen) 3 ] 15 } film modified on an ITO electrode in 0.2 M NaAc + HAc (pH = 3.50) buffer solution were recorded under different potentials from 0 to −0.9 V (Fig. 3) . When the applied potentials shifted toward negative, the absorbance at 567 nm was gradually increased, and the {PSS/PEI/[Mn 4 P 4 W 30 /Ru(phen) 3 ] 15 } film was gradually reduced to a different extent of green-blue color, which results from the charge transfer-type (W 5+ -O-W 6+ or W 6+ -O-W 5+ ) [15] optical absorption, indicating that the film was electrochromic. The response time of the film was investigated by doublepotential experiments with absorbance measurements at 567 nm. The coloration and bleaching times are 5.5 and 7.0 s, respectively, for 90 % ∆A (difference between maxima) (see Fig. 4 ), which is faster than that of a similar [P 2 W 17 [Cu II (Phen) 2 ]] 30 film previously reported by Gao (25 and 15 s for the coloration and bleaching times, respectively) [15] . At the same time, the electrochromic reversibility of the films was evaluated by performing repetitive double potential steps from −0.9 to 0 V (Fig. 4) . The response time for coloration and bleaching as well as the absorbance of the electrochromic film did not change noticeably even after 200 cycles, which demonstrates a stable electrochromic behavior of the self-assembled films during double potential cycles.
Electrocatalytic activity
Our interest in the multilayer films is also related to its electrocatalytic behavior. 
Conclusion
For the first time, the polyanion Mn 4 P 4 W 30 was incorporated into a multilayer film by a layer-by-layer self-assembly method, and the electrochromic properties of the film were investigated. This film exhibited electrochromism with good reversibility and stability. When more negative potentials were applied, the color of the film was gradually changed into deep blue. The coloration and bleaching times are 5.5 and 7.0 s, respectively, for 90 % ∆A. This film also exhibited electrocatalytic activity toward iodate, and thus has the potential for application in electrochromic and electrocatalytic materials.
